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The Evolution of Machines in Society
Agricultural Age

Plough

Industrial Age
Engine

Electronics Age
Computers

Robotic age
Sensing & compute

Increased capacity to sense 
interact and manipulate the 
physical world



Background: What is Artificial Intelligence?
“Artificial intelligence is the technology that enables 
computers and machines to perform intelligent tasks: 
pattern recognition, decision-making, problem 
solving, etc.” 

Artificial Intelligence

Training: Data and Past Predictions 

Usage: Given data – make predictions



Agentic View Agent

Environment
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Action

• Agents act in the world
• Possess a goal. 
• Takes observations from the environment 

– form an understanding of the world. 
• Plan actions – reason, execute, correct

• Science of Autonomy
• What model/algorithms one should have 

that intelligent behaviour arises naturally 
by an objective minimization/search. 

• Continual Interaction
• Data over time – on their own or from 

the human. 
• Hence, can learn from data (ML problem)
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Robot Arms

• An agent capable of manipulation 
• Simply a number of links 

connected via joints. 



Coordinate Frames

• Coordinate frame
• Global
• On the agent. 

• Pose, a particular point on its 
body, (e.g., x, y, z, heading etc.) 
with respect to a coordinate 
frame. 

• State changes occur due to actions 
the agent takes. 

• Need a way to determine the pose 
w.r.t. any coordinate frame.

• Relationship maintained in 
coordinate transforms. 



Composing Transforms

Kinematic chains

Physical agent

• An agent capable of manipulation 
• Simply a number of links 

connected via joints. 
• Each link is associated with a. 

coordinate frame. 
• The coordinate frames can be 

composed. 



Defining a robot

● A robot consists of a series of rigid links, 
connected by joints (motors): 
○ Joints provide relative motion
○ Links are rigid bodies between joints

● Each joint provides one degree-of-freedom 
(sometimes joints may have a coupling).

Slide from Shuron Song’s course on Sensorimotor Learning for Embodied Agents



Universal Robot Description Format (URDF)

What: Unified Robot Description Format
Includes kinematic and basic physics description of a 
robot 

How: 
● XML format 
● Tags: link or joint  
● Kinematic tree structure 
● Order in the file does not matter

Slide from Shuron Song’s course on Sensorimotor Learning for Embodied Agents



<link name="base_link">
<visual>
<geometry>
<cylinder length="0.6" radius="0.2"/>

</geometry>
</visual>

</link>

URDF: Describing a Link 

The 3D geometry of the link can be replaced by other shapes (box, cylinder, sphere) or  other mesh files (e.g. STL, OBJ). 

Slide from Shuron Song’s course on Sensorimotor Learning for Embodied Agents



URDF:Physics and collision 
<link name="base_link">

<visual>
<geometry>

<cylinder length="0.6" radius="0.2"/>
</geometry>

</visual>
<collision>

<geometry>
<cylinder length="0.6" radius="0.2"/>

</geometry>
</collision>

</link>

Slide from Shuron Song’s course on Sensorimotor Learning for Embodied Agents



<joint name="joint1" type="revolute">
<parent link="base_link"/>
<child link="right_leg"/>

<origin xyz="0 -0.22 0.25"/>
<axis xyz="0 0 1"/>

</joint>

URDF: Describing a Joint 

Define parent and child links. 
Origin: in parent reference frame
Axis: for revolute rotation axis (in joint reference frame)

Slide from Shuron Song’s course on Sensorimotor Learning for Embodied Agents



Example: UR5 Arms

Robot characteristics: 
● Serial manipulator 

6 DOF URDF: 
● One file 
● 7 link + 6 revolute joint description

Slide from Shuron Song’s course on Sensorimotor Learning for Embodied Agents



Task Space and Configuration Space

Figure: AIMA Ch 25.4

Task space 
• Easier to describe the task. 
• Problem: Not all points in the 

task space may be reachable
• There are physical constraints of 

the agent’s embodiment. 

Configuration space (C-space)
• Each point satisfies the intrinsic 

physical constraints. 
• Each point is attainable as it 

corresponds to a valid 
configuration of the agent. 



From Configuration Space to Task Space

• Forward kinematics
• From the parameters specifying the agent 

(theta parameters) determine the position  
of the end-effector. 

• Compose the transformations one by one. 



From Task Space to Configuration Space

• Inverse kinematics
• Determining the setting of the 

parameters to yield the required end 
effector position. 

• Given the final position of the end-
effector (end point of the arm), 
determine the theta parameters for the 
arm. 



From Task Space to Configuration Space

• Inverse kinematics
• Solve the inverse problem to obtain theta. 

The function f is often non-linear. 



Goal-directed Robot Motions

• Given
• Initial state
• Goal state

• How to generate actions?



Goal Configuration 



Finding a feasible path



Finding a feasible path



Thank you!
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